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Abstract
Quarkonia suppression in nucleus-nucleus collisions is a powerful tool to probe the density and temperature of
the medium created in heavy ion collisions. Forward rapidity measurements in p(d)+Au collisions are essential to
understand how quarkonia states are affected by initial state effects, formation time, and local particle multiplicity.
Earlier measurements in Au+Au collisions showed a stronger suppression of forward J/ψ compared to mid-rapidity
results, indicating the possibility of a smaller contribution of regenerated quarkonia states at forward rapidity. These
proceedings report on the latest quarkonia studies performed by the PHENIX collaboration in the rapidity range 1.2 <
|y| < 2.2.
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1. Introduction
The suppression of bound heavy quark-antiquark states in collisions of large nuclei has long been ex-
pected as a signature of quark-gluon plasma formation [1]. However, a variety of other mechanisms re-
sponsible for quarkonia suppression that do not require deconfinement have also been proposed, including
modifications of the gluon distribution in the nucleus [2], energy loss of heavy quarks crossing the nuclear
remnant [3], and late-stage interactions of quarkonia with co-moving hadrons [4]. These effects can be stud-
ied experimentally by measurements of charmonia production in small collision systems, where suppression
due to plasma formation is not expected to be the dominant effect.
Previous PHENIX results in d+Au collisions at the Relativistic Heavy Ion Collider (RHIC) have shown
that both open [5, 6] and hidden heavy flavor hadrons [7, 8] have significant modifications from a simple pic-
ture of binary-scaled p+ p collisions. However, there are a variety of models including the above mentioned
effects which can successfully reproduce some of these observations [9, 10, 11, 12]. Additional experimental
data is therefore necessary to further constrain models and identify the sources of these modifications.
2. New Results in Small Systems
The flexibility of the RHIC accelerator complex has allowed heavy flavor dynamics across a wide range
of collision species to be explored experimentally. By varying the projectile but keeping the target nucleus
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Fig. 1: Unlike-sign dimuon mass spectra from 3He+Au collisions, measured at backward rapidity (left) and forward rapidity (right).
Note the larger background contribution at backwards rapidity, in the Au-going direction.
the same, the density of co-moving particles can be changed while still sampling the same x−range inside
the nucleus. Variation in the nuclear target A samples a different level of shadowing/anti-shadowing in the
nuclear gluon distribution. To this end, the PHENIX collaboration collected data at 200 GeV from p+Al
and p+Au collisions in 2015, and in 3He+Au collisions in 2014. In each of these systems, the J/ψ cross
section has been measured through decays to dimuons over the forward and backward rapidity intervals
1.2 < |y| < 2.2. The unlike-sign dimuon spectra from 3He+Au data, along with the fit used to extract the
J/ψ yield, is shown in Fig. 1.
Data from p + p collisions, which gives the baseline for interpreting nuclear effects, was also recorded
in 2015. This data serves as an important cross check with previous measurements, as additional hadron
absorber material in front of the PHENIX muon arms was introduced between these measurements to pro-
vide additional background reduction for the W measurement program [13]. The J/ψ cross section from the
2015 p + p data, and from previous measurements with less absorber material [14] is shown in Fig.2. We
see that these measurements agree within uncertainties.
The J/ψ cross section as a function of rapidity was also measured for the p+Al, p+Au, and 3He+Au
systems, and is directly compared to the p + p data by computing the nuclear modification factor RAB as
shown in Fig. 3. We see that in p+Al collisions, the nuclear modification is small, and compatible with unity
within uncertainties. As we move to the larger p+Au and 3He+Au collision systems, there is an increasing
suppression at forward rapidity. In this rapidity region, J/ψ measured in the PHENIX muon arms sample
an x−range of x ≈5×10−3, which is in the gluon shadowing region. There is also a relatively low density
of co-moving hadrons in the forward region, so late stage breakup from interactions which occur outside
the nucleus is expected to be small. We note that in this region, light hadrons are suppressed by a similar
amount [15].
At backward rapidity, we see some evidence of some moderate suppression in p+Au collisions, and less
so in 3He+Au collisions. In this region, the x-range being sampled by charmonia production is in the gluon
anti-shadowing region, and suppression due to parton distribution function modification is not expected.
Since this is the A-going direction, the amount of co-moving hadrons is significantly higher in this rapidity
region, and late stage interactions that may be present would therefore have a larger magnitude. In contrast
to the J/ψ, charged hadrons in this region display a large enhancement at moderate pT , by a factor of ∼1.5 in
0-100% p+Au collisions. Light hadrons are not susceptible to breakup so the fact that we observe different
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Fig. 2: Comparison of the J/ψ cross section measured in p + p collisions from Run-15 (red) with previous results from [14]. These
datasets, which were recorded with different hadron absorber configurations, show good agreement within uncertainties.
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Fig. 3: The rapidity dependence of the J/ψ nuclear modification factor RAB for p+Al, p+Au, and 3He+Au collisions.
behavior here may indicate that this additional suppression mechanism which only effects heavy quarkonia
is dominant. However, given the differences in light and heavy quark production mechanisms, additional
guidance from theory is needed to fully understand the various contributions.
3. Comparison with Large Systems
In addition to these small systems, the PHENIX experiment has measured the J/ψ cross section in
Cu+Cu [16], Cu+Au [17], Au+Au [18], and U+U [19] collisions. Taken together, these measurements
cover Npart from 2 to nearly 400, probing a wide range of system size and temperature. The measurements
on these systems at forward and backward rapidity are shown in Fig. 4. For symmetric collision systems,
the same data is shown in each panel. Across all collision systems, there is similar suppression at similar
values of Npart. In both rapidity regions, we see a suppression develop as Npart increases, indicating that
additional suppression effects are coming into play as the reaction volume increases.
4. Summary
The PHENIX Experiment has measured J/ψ production across a wide range of collision systems, where
the effects of competing suppression mechanisms are expected to have different strengths. Further explo-
ration of these data sets, including measurements of the pT dependence of the J/ψ nuclear modification, is
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Fig. 4: PHENIX data on the J/ψ nuclear modification factor as a function of the number of participating nucleons, at backward rapidity
(left) and forward rapidity (right).
underway. While PHENIX is no longer recording data, there are large data sets on tape from the Run-14
and Run-16 Au+Au that are currently undergoing analysis. The high statistics measurements from this data
will provide additional constraints on suppression mechanisms in large collision systems.
References
[1] T. Matsui, H. Satz, J/ψ Suppression by Quark-Gluon Plasma Formation, Phys. Lett. B178 (1986) 416.
[2] R. Vogt, Shadowing and absorption effects on J/ψ production in dA collisions, Phys. Rev. C 71 (2005) 054902.
[3] I. Vitev, Non-Abelian energy loss in cold nuclear matter, Phys. Rev. C 75 (2007) 064906.
[4] A. Capella, A. Kaidalov, A. Kouider Akil, C. Gerschel, J/ψ and ψ’ suppression in heavy ion collisions, Phys. Lett. B 393 (1997)
431–436.
[5] A. Adare, et al., Cold-nuclear-matter effects on heavy-quark production in d+Au collisions at
√
sNN = 200 GeV, Phys. Rev. Lett.
109 (24) (2012) 242301.
[6] A. Adare, et al., Cold-Nuclear-Matter Effects on Heavy-Quark Production at Forward and Backward Rapidity in d+Au Collisions
at
√
sNN = 200 GeV, Phys. Rev. Lett. 112 (25) (2014) 252301.
[7] A. Adare, et al., Cold Nuclear Matter Effects on J/ψ Yields as a Function of Rapidity and Nuclear Geometry in Deuteron-Gold
Collisions at
√
sNN = 200 GeV, Phys. Rev. Lett. 107 (2011) 142301.
[8] A. Adare, et al., Transverse-Momentum Dependence of the J/ψ Nuclear Modification in d+Au Collisions at
√
sNN = 200 GeV,
Phys. Rev. C87 (3) (2013) 034904.
[9] R. Vogt, Shadowing effects on J/ψ and Υ production at energies available at the CERN Large Hadron Collider, Phys. Rev. C 92
(2015) 034909.
[10] Y.-Q. Ma, R. Venugopalan, H.-F. Zhang, J/ψ production and suppression in high-energy proton-nucleus collisions, Phys. Rev. D
92 (2015) 071901.
[11] F. Arleo, S. Peigne´, Heavy-quarkonium suppression in p-A collisions from parton energy loss in cold QCD matter, JHEP 2013 (3)
(2013) 122.
[12] E. Ferreiro, Excited charmonium suppression in proton-nucleus collisions as a consequence of comovers, Phys. Lett. B 749
(2015) 98 – 103.
[13] A. Adare, et al., Cross Section and Parity Violating Spin Asymmetries of W± Boson Production in Polarized p + p Collisions at√
s = 500 GeV, Phys. Rev. Lett. 106 (2011) 062001.
[14] A. Adare, et al., Ground and excited charmonium state production in p + p collisions at
√
s = 200 GeV, Phys. Rev. D85.
[15] J. Bryslawskyj, PHENIX Study of the Initial State with Forward Hadron Measurements in p(d)+A and He+Au Collisions, in
these proceedings.
[16] A. Adare, et al., J/ψ Production in √sNN = 200 GeV Cu+Cu Collisions, Phys. Rev. Lett. 101 (2008) 122301.
[17] C. Aidala, et al., Nuclear matter effects on J/ψ production in asymmetric Cu+Au collisions at √sNN = 200 GeV, Phys. Rev.
C90 (6) (2014) 064908.
[18] A. Adare, et al., J/ψ suppression at forward rapidity in Au+Au collisions at
√
sNN = 200 GeV, Phys. Rev. C84 (2011) 054912.
[19] A. Adare, et al., Forward J/ψ production in U+U collisions at
√
sNN=193 GeV, Phys. Rev. C93 (3) (2016) 034903.
